The capacity of adipose tissue in rats and mice to synthesize fatty acids and triglycerides from acetate, glucose and long chain fatty acids and to oxidize these substrates to CO. has been well established (1) (2) (3) (4) (5) . In this investigation, a study has been made of lipid biosynthesis and lipid composition of human adipose tissues.
Human subjects provide a unique opportunity to compare the metabolism of normal subcutaneous adipose tissue with a benign neoplasm of fat tissue, the lipoma. Comparative studies of most tumors with their normal tissue counterpart have been difficult because of cellular nonhomogeneity of both normal tissues and tumors and the inability to obtain tumor and normal control tissue from the same subject. The lipoma, on the other hand, arises most frequently in the subcutaneous adipose tissue and morphologically is indistinguishable from normal adipose tissue. This makes it possible to examine the synthetic and catabolic activities and composition of the tumor and control tissue in the same subject under identical environmental conditions.
In the present studies, it has been found, in vitro, that lipomas had a significantly higher rate of acetate incorporation into the mixed lipids than the normal subcutaneous adipose tissue of the same subject. Although the rate of synthesis of individual fatty acids was greater in the lipoma than in the normal fat, the relative distribution of radioactivity among the fatty acids was the same in the two tissues. These tissues did not differ significantly with respect to the rate of oxidation of acetate to CO., or the rate of transfer of newly synthesized lipids into the medium. Despite the differences in the rate of incorporation of acetate into the mixed lipids, the fatty acid composition of the normal subcutaneous fat and the lipoma did not differ qualitatively or quantitatively. In addition, there was impressive constancy of the fatty acid composition of the normal fat and lipoma among the subjects studied despite wide variation in the rates of lipid synthesis by these tissues from one person to the next.
MATERIALS AND METHODS
Twenty patients with subcutaneous lipomas provided the material for this study. The tumors were removed under block local anesthesia together with a sample of adjacent normal adipose tissue. All patients had eaten 3 to 5 hours prior to the operation. On removal, the tissues were kept at about 5' C until they were prepared for incubation. The fibrous tissue capsules of the lipomas were dissected away and tissue slices of the tumor and the normal subcutaneous adipose tissue were prepared with a Stadie tissue slicer (6) . Usually 1 hour elapsed between the operative removal of tissue and the beginning of incubation.
Incubation was carried out in 50 ml Warburg-type flasks employing rubber serum bottle stoppers to seal the flasks. One to two lic of acetate-l-C", 0.1 ml 1 M glucose and varying amounts of nonradioactive sodium acetate were placed in the side-arm. Into the main compartment were added 150 to 300 mg of tissue and an amount of Krebs-Ringer bicarbonate solution (7), containing 5 to 10 per cent of the patient's own serum, sufficient to make a final volume of 5 ml. In most experiments a flask was set up, identical with those just described except that boiled rather than fresh tissue was employed. The flasks were gassed with 95 per cent 02, 5 per cent CO. for 5 minutes. After 20 minutes of temperature equilibration at 37' C in a Dubnoff metabolic shaker-bath, the reaction was begun by tipping into the main compartment the contents of the side-arm. The duration of incubation was usually 2 and 4 hours. In preliminary experiments it was established that, under the present experimental conditions, the rate of incorporation of acetate-1-C'4 into the mixed lipids or into C"402 by normal adipose tissue and lipoma slices was linear over a 6 hour period.
At the completion of incubation, the flasks were chilled in chipped ice. A 30 per cent solution of KOH was in-troduced into the center well, 1 ml 0.2 N H2SO4 was added to the medium in the main compartment and the flasks were shaken in ice for another 30 minutes. The KOH and H2SO4 additions were made by needle puncture through the rubber stopper.
In nine experiments, the radioactivity of the lipids in the tissue and in the medium was analyzed separately. In these studies, at the completion of the incubation period, the flask contents were poured through a fine-mesh, stainless steel screen. The (9) . The sample to be extracted was homogenized in a multimixer employing 80 to 100 ml CHCl3-CH3OH (2: 1). In order to free the lipid extracts of nonlipid radioactive compounds, they were placed in viscose tubing and dialyzed against running tap water in a rotatory dialyzer for 12 to 16 hours. It was demonstrated that this method completely removed radioactive materials from boiled* tissue samples which were carried through all steps of the experimental procedure. It was also found that there was no detectable loss of C14-labeled tripalmitin added to a blank sample after 24 hours of continuous dialysis.
After dialysis, the mixed lipid extract was taken to dryness under reduced pressure and made up to a known volume with petroleum ether (bp 30 to 60°C). An aliquot was taken for analysis of radioactivity and lipid content.
Lipid fractionation. Free fatty acid, triglyceride and triglyceride fatty acids were separated by a modification of the method of Borgstr6m (10) . An aliquot of the mixed lipid extract in petroleum ether was taken to dryness and redissolved in CCl4. To obtain the free fatty acids, the CCl4 was repeatedly washed with 0.5 per cent NH4OH, 0.2 M KCl in 40 per cent CH3OH. Carrier, nonradioactive palmitic acid was added to the CCl4 to facilitate the free fatty acid extraction. The ammoniacal methanol solution of fatty acids was acidified with H2SO4 and the free fatty acids extracted with petroleum ether (bp 30 to 60°C). The petroleum ether extract of the fatty acids was washed with water until the wash was neutral and then dried over anhydrous Na2SO4.
The CCI4 solution containing the triglycerides from which the free fatty acids had been extracted was divided into two parts, one for the determination of the radioactivity of the triglycerides and the other for hydrolysis (by refluxing in 5 per cent H2SO, in CH3OH for The determination of the radioactivity present in the individual fatty acids and their specific activities was achieved by splitting the effluent gas stream coming from the column. One part of the effluent gas passed through the detector cell, the other to an anthracene-filled glass cartridge outside of the apparatus which effectively trapped the fatty acid (14) . The cartridges were changed manually to collect the desired fractions as indicated by the tracing which was being recorded simultaneously. The radioactivity on the anthracene was determined in the scintillation spectrometer by inserting the glass cartridge into the well of a Lucite sphere which had the same dimensions as the conventional liquid counting bottle.
RESULTS
Lipid biosynthesis and acetate oxidation in normal adipose tissue and lipoma. In 18 of 20 subjects, the rate of acetate incorporation into mixed, lipids of lipoma was higher than that of the adjacent normal adipose tissue (Figure 1 ). In some persons the normal adipose tissue synthesized fat more rapidly than did the lipoma of other patients. Among the subjects studied, there was great variation in the rate of acetate incorporation into mixed lipids by normal subcutaneous adipose tissue. In the rat, it has been found that there is a decrease in the in vitro rate of acetate incorporation into mixed lipids by adipose tissues with aging.1 As can be seen in Figure 1 , the variation in lipid synthesis among the subjects studied bears no systematic relationship to their ages.
The rates of acetate incorporation into mixed lipids mentioned above have been related to the unit of wet weight of tissue. Normal adipose tissue was found to have a relatively higher nitrogen and lower lipid content than lipoma (Table I) . When the rates of acetate incorporation into the mixed lipids are referred to these units, the difference in the rates of lipid synthesis between the two tissues are magnified (Table II) . The ratio of the rate of oxidation of acetate to CO, by lipomas to that of the normal adipose tissue of the same subject did not differ significantly from 1.0 whether related to units of wet weight, nitrogen, or lipid- free weights of the tissues (Table II) . Thus, the increased rate of fat biosynthesis by lipomas was 5 to 13 times greater than the normal tissue, depending upon the reference unit selected; the average rate of acetate-i-C14 oxidation to C1402
was not significantly different between lipoma and normal adipose tissue, regardless of the reference unit used for calculation.
The proportion of the newly synthesized mixed lipid radioactivity transferred to the medium by lipoma and normal adipose tissue ranged from 1 to 34 per cent and the mean ratio of lipoma: normal was 1.05. It was found that an increasing amount of the mixed lipid radioactivity appeared in the medium with time but the proportion of this, relative to the total radioactivity in the mixed lipids, remained constant.
Composition of normal subcutaneous adipose tissue and lipoma. Gas-liquid chromatographic analysis of the fatty acids from normal adipose tissue and lipoma revealed that oleic and palmitic acids predominated ( Figure 2 and Table III ). There were no qualitative or significant quantitative differences in the fatty acid composition of lipoma compared with normal fat. The seven fatty acids indicated in Table III accounted for about 98 per cent of all the fatty acids present in these tissues. Twenty-six fatty acids, in addition to those listed in Table III , were identified in the fat of the tissues here studied in a capillary column gas-liquid chromatographic analysis.2 These fatty acids, however, comprise less than 2 per cent of the total fatty acid composition. No qualitative differences in these minor (by criterion of weight) fatty acid components were noted between normal adipose tissue and lipoma. The standard error of the mean shown for each fatty acid in Table  III indicates the small variation noted between samples from different subjects. A statistical comparison of the variation of fatty acid composition within sources and between sources led to the conclusion that there was no greater variation in the fatty acid composition between subjects than in the same subject.
Distribution of C'4 in lipid components of tissue and medium. More than 90 per cent of the tissue lipid radioactivity was present in the triglyceride and no more than 1.5 per cent was in the free fatty acids of the tissue (Tables IV and V) . In the medium, on the other hand, the radioactivity was found predominantly in the free fatty acid fraction. Hydrolysis of the tissue triglycerides revealed that 80 per cent of the radioactivity was in the fatty acids. Although no significant difference in the distribution of the incorporated ace-Institute, Bethesda, Md., and Dr. David Turner, Sinai Hospital, Baltimore, Md., in our studies with gas-liquid chromatography.
FIG. 2. GAS-LIQUID CHROMATOGRAPHIC RECORDS OF METHYL ESTERS OF FATTY ACIDS ISOLATED FROM
LIPOMA AND NORMAL ADIPOSE TISSUE. The designations above each peak identify the fatty acid according to carbon chain length (e.g., C12 dodecanoic acid) and number of unsaturated bonds (e.g., monoenoic C16-1 and dienoic C18-2). The numbers under each peak refer to the percentage of the total fatty acids represented by the particular fatty acid (e g., C18-1, 9-octadecenoic acid or oleir acid, comprises 52 per cent of the total fatty acids in the lipoma here shown). tate-i-C14 was found between the normal tissue and the lipoma, it is apparent that in the adipose tissues of man as in the rodent (15) there is a small free fatty acid intracellular pool and a large triglyceride pool. The lipid which is transferred across the cell membrane is predominantly in the form of the free fatty acid. All of the fatty acids isolated from adipose tissue incubated with acetate-i-C'4 were labeled (Table VI) . The rate of C14 incorporation into the saturated fatty acids is greater than into the unsaturated fatty acids. Although the absolute amount of radioactivity was greater in the individual fatty acids isolated from lipoma than from normal, the distribution of the radioactivity among the fatty acids as shown by the relative specific activity was essentially the same in lipoma and in normal adipose tissue. The percentage of the total radioactivity recovered in the myristic acid (C-14) of lipoma was high in one experiment and comparable to that of normal in the other. This accounts for the higher mean relative specific Figure 2 .
The relative specific activity represents: % of total cpm recovered % of total fatty acids activity of the myristic acid of the lipoma than of the normal. The finding of small amounts of radioactivity in the essential fatty acid, linoleic (Ci8-2), was unexpected. This could represent contamination from other labeled fatty acids; isolation and degradation of the linoleic acid will be required for interpretation of the result. In the human subjects whose subcutaneous adipose tissue was studied, there was great variation in the in vitro rate of acetate incorporation into the mixed lipids. C140 ., or in the proportion of isotopically la-beled lipid transferred to the medium was found between the two types of adipose tissue.
2. Marked variation was observed in the rate of acetate incorporation into mixed lipids by subcutaneous adipose tissue among the 20 subjects studied. This could not be correlated with age, sex or race.
3. In contrast to the variability of lipid synthesis as measured by acetate incorporation into ,.the mixed lipids, no significant variation was found in the fatty acid composition of the subcutaneous fat between subjects or between the normal adipose tissue fat and that of lipomas.
4. Studies of the distribution of radioactivity in lipid components of adipose tissue following incubation with acetate-i-C14 demonstrated about 1 per cent of the total in the tissue free fatty acids and the remainder in the triglycerides. Eighty per cent of the triglyceride radioactivity was recovered in the fatty acids. Similar studies of the lipids in the medium showed recovery of about 90 per cent of the radioactivity in the free fatty acids and the remainder in triglycerides. The rate of accumulation of C14 was greater in the saturated fatty acids than in the unsaturated acids in the normal adipose tissue and lipoma.
